Abstract -Neonatal female rats (3-7 days old) were injected subcutaneously twice daily with 20 μg of SRIH-14/100g b.w. for five consecutive days. The animals were sacrificed in the peripubertal (38 days old) or adult (80 days old) periods of life. Control rats were treated in the same way with identical volumes of saline. SRIH-14 led to significant reduction (p<0.05) of the absolute and relative volumes of the ZG in peripubertal animals, by 11 and 22%, respectively in comparison with the controls. The total number and volume of ZG cells and their nuclei were also significantly decreased (p<0.05) in peripubertal SRIH-14-treated rats as compared to the controls. There were no significant (p>0.05) changes in the morphometric parameters of adult adrenal cortex after SRIH-14 treatment compared with control females. It can be concluded that subcutaneously applied SRIH-14 in the neonatal period inhibits growth of adrenal ZG cells in female rats only up to the peripubertal stage, while the adrenal gland cortex recovers before mature adulthood is reached.
INTRODUCTION
Somatostatin (SRIH) is a circulating peptide hormone that displays an array of biological actions including the inhibition of hormone secretion, modulation of neural transmission, and regulation of cell growth (F l o r i o et al., 1999) . Two active forms have been described: SRIH-28 and SRIH-14. SRIH is heterogenously distributed in the central and peripheral nervous systems (E p e l b a u m et al., 1995). SRIH-28 and SRIH-14 are also present in non-neuronal tissues such as the gastrointestinal tract, endocrine pancreas, and thyroid (R e i c h l i n , 1983); and the adrenals and thymus (G i l l i e s , 1997). Hypothalamic SRIH is responsible for the inhibition of growth hormone (GH), thyrotropinstimulating hormone (TSH), and prolactin (PRL), as well as for gonadotrophin secretion from the anterior pituitary (M i l o š e v i ć et al., 2000a, 2000b, 2003 , 1996) . Besides this direct inhibitory effect, SRIH can also act on the adrenal cortex through the hypothalamic-pituitary (HP) axis (G a n o n g , 1987).
It is known that the neonatal period is a critical interval during the life cycle when control of neuroendocrine regulation is established. The hypothalamic-pituitary-adrenal (HPA) axis is characterized by decreased sensitivity in that period, which is known as the stress-hyporesponsive period (Yo s h i m u r a et al., 2002).
The aim of this study was to investigate whether multiple subcutaneous neonatal SRIH-14 treatment affects the adrenal cortex cells of female rats in the peripubertal and adult periods of life.
MATERIAL AND METHODS

Animals
Time-mated pregnant Wistar rats were housed individually and maintained in a controlled environment (12 h light : 12 h dark; 22 ± 2°C) with food (Subotica Veterinarski Zavod, Subotica, Serbia) and water freely available. Female pups were injected subcutaneously twice a day (8 AM and 8 PM) with 20 µg of SRIH-14 (S9129, Sigma, St. Louis, Mo., USA) per 100 g of body weight for five consecutive days (3rd -7th day of life; neonatal SRIH-14 treatment). The dose regime for SRIH-14 was selected according to R e b u f f a t et al. (1984) and modified by administration every 12 h instead of every 8 h. Control female pups received the equivalent volume of physiological saline on the same schedule. The rats were sacrificed at 8 AM in the peripubertal (38th day) or adult (80th day) periods of life. Each age group comprised five females. The experimental protocols were approved by the Local Animal Care Committee and conformed to the recommendations given in "Guide for the Care and Use of Laboratory Animals" (1996, National Academy Press, Washington D.C.)
Light microscopy
Left adrenal glands were excised, fixed in Bouin's solution, embedded in paraffin and serially cut into 5 µm thick sections, which were stained with hematoxylin-eosin and examined under a light microscope (Opton).
Morphometry Stage 1. Zonation of the adrenal gland.
In order to evaluate the volume of the adrenocortical zones, every 10th section of the gland was analyzed using the M 42 multipurpose test system (We i b e l , 1979) at 100x magnification. The absolute volume of the glands was calculated on the basis of their weight, assuming the average specific gravity of the adrenal to be 1.039 g cm -3 (S w i n y a r d , 1938).
Stage 2. Size and number of adrenocortical cells.
The volume densities of both the nuclei and the cytoplasm of parenchymal cells were estimated on a screen using the M 42 multipurpose test system (We i b e l , 1979) at 1000x magnification. For each adrenal gland, a single paraffin section containing the zona medullaris was chosen, and 30 test areas of the zona glomerulosa (ZG) and 50 test areas of the zona fasciculata (ZF) and zona reticularis (ZR) were analyzed. On the basis of earlier karyometric stud- ies, the shape coefficient β was assumed to be 1.382 for the ZF and ZR and 1.500 for the ZG. It relates Nv (number of cells counted per unit of volume) to Na (number of cells counted per mm 2 ) and Vv (volume density) and depends on the axial ratio of the estimated nuclei. The number of adrenocortical cell nuclei per mm 3 was calculated according to the method of Weibel (1979) . Since rat adrenocortical cells are mononuclear, the numerical density of the nuclei corresponds to the number of cells per mm 3 . Table 1 . Body weight and absolute and relative adrenal weight of control (C) and female rats in different periods of life after neonatal SRIH-14 treatment.
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Digital images were made on a DM RB Photomicroscope (Leica, Wetzlar, Germany) with a JVC TK 1280E Video Camera (Leica). For image acquisition, the Qwin program (Leica) was used.
Statistical analyses
The morphometric data for each group were averaged and the standard deviation (SD) of the mean was calculated. One-way analysis of variance (ANOVA), followed by the multiple-range test of Duncan was used for statistical comparisons between the groups. A probability value of 5% or less was considered statistically significant.
RESULTS
Body weight and absolute and relative weight of the adrenal gland
The data on body weight and absolute and relative adrenal weights in the control and SRIH-treated animals are summarized in Table 1 . As can be seen, neonatal SRIH-14 treatment did not induce any significant changes (p>0.05) in these parameters in female rats at either age (Table 1) .
Adrenal cortex
All three cortical zones of the adrenal gland (ZG, ZF, and ZR) were clearly visible in all examined preparations. The absolute and relative volumes of the adrenal cortex in SRIH-14-treated groups of rats were not significantly (p>0.05) different from those in the corresponding controls ( Figs. 1 and 2) .
Characteristics of the zona glomerulosa
The ZG was arranged in closely packed ovoid clusters, with relatively small columnar or pyramidal cells. The nuclei were round or oval with an evident nucleolus (Fig. 3A, B) . The shape of ZG cells in the neonatally SRIH-14-treated animals was not significantly changed in the peripubertal period, but the cytoplasm in these cells was more intensively stained than in the corresponding controls (Fig. 3C,  D) . In adult animals, the zona intermedia was clearly visible after neonatal treatment with SRIH-14 (Fig.  4D ). This zone consisted of small cells, each with a regularly ovoid nucleus and scarce cytoplasm.
Stereological measurements demonstrated that subcutaneous administration of SRIH-14 in the neonatal period led to a significant decrease (p<0.05) in absolute and relative volumes of the ZG in the peri- pubertal period, by 11 and 22%, respectively, compared with the corresponding controls ( Figs. 1 and  2 ). This was due to atrophy of ZG cells, manifested as a significant decrease in their volume, the volume of their nuclei, and the total number of ZG cells at the peripubertal stage when compared to the corresponding controls (Fig. 4A, B, C) . In the rats sacrificed as adults, the absolute and relative volumes of the ZG were slightly decreased, by 4 and 12% (p>0.05), respectively, after SRIH-14 administration in comparison with the corresponding controls ( Figs. 1 and 2 ). There were no significant differences in the volume of ZG cells and their nuclei and their total number (p>0.05) between the two groups of adult rats (Fig. 4A, B, C) .
Characteristics of the zona fasciculata and zona reticularis
There were no significant changes in the histological appearance and stereological parameters of the ZF and ZR in peripubertal and adult female rats after neonatal SRIH-14 treatment (Figs. 1, 2 , 4A, 4B, 4C).
DISCUSSION
Neonatal SRIH-14 treatment did not affect the body weight in either examined age group. These results are in accord with S t a r č e v i ć et al. (2000), who reported that intracerebroventricularly (i.c.v.) administered SRIH-14 did not inhibit body weight gain in female rats. Moreover, the synthetic somatostatin, an octreotide, applied i.c.v. likewise had no significant effect on body weight in male and female rats (M i l o š e v i ć et al., 2001a, 2001b) . Thus, the absolute and relative adrenal weights in peripubertal and adult rats treated with SRIH-14 in the neonatal period were not significantly different from those of the controls. We have also shown previously that i.c.v. treatment with either SRIH-14 or SRIH-28 did not result in significant changes of absolute and relative adrenal weights in adult female rats , 1981) . Regulatory mechanisms and pathways by which the central somatostatinergic system affects the rat adrenal ZG remain to be elucidated. They are realized via the hypothalamicpituitary axis and/or through an altered sympathetic tone to the chromaffin cells in the adrenal medulla, which exerts paracrine control of cortical function, especially in the ZG (N u s s d o r f e r , 1996; E i n e r -J e n s e n and C a r t e r , 1995; F e l d m a n and We i d e n f e l d , 1995).
On the other hand, our experimental data did not reveal statistically significant changes in the morphometric parameters of ZG, ZF, and ZR cells in adult animals neonatally treated with SRIH-14, which confirms previous data (M i l o š e v i ć et al., 2001a). The appearance of a visible zona intermedia in adults after neonatal SRIH-14 treatment probably represents increased proliferative activity of these cells, allowing recovery of the ZG in adult rats.
From these results, it can be concluded that neonatal application of SRIH-14 inhibits growth of the adrenal ZG and its cells only up to the peripubertal period in female rats, while the effect in adult females is negligible.
